So far, only 2 JA studies have dealt with the extracellular matrix, one of which was concerned with the immunohistochemical analysis of laminin expressions [Starlinger et al., 2007] , the other with the investigation of gelatinase/collagenase activity [Duerr et al., 2008] . Although JAs are known to be collagen-rich tumours with evidence for increased gelatinase/collagenase activity, so far, investigation of single collagens has not been performed.
Collagens are important extracellular matrix proteins which provide not only structural functions by building up fibrils (collagen types I, III, V and XI), beaded filaments (type VI collagen) and networks (type IV, VIII and X collagen) but which also perform diverse biological functions (interaction with other matrix proteins and cellular receptors). It is further interesting that single collagens are characteristic for specific tissues, especially as tumour origin from periost or embryonal cartilage has been suggested for JAs [Schick et al., 2002] . In most connective tissues, collagen type I is the major structural component. Type II collagen is a major component of cartilage [van der Rest and Garrone, 1991] , whereas type III collagen was first isolated from tissues containing collagen type I. Thus, the collagen expression pattern may hint at a tumour origin that has still not been finally defined with respect to JAs.
The collagen genes are widely distributed in the genome with a huge number of gene mutations already proven. A complex processing of highly specific posttranslational enzymes (among others, prolyl 4-hydroxylase; N and C proteinases) is needed to modify the larger precursor molecules (procollagens) to form the fibrilforming collagens. The fibrillar collagens are similar in size, built up of 3 chains forming characteristic triple helixes [Prockop and Kivirikko, 1995] . Collagen type I is usually composed of 2 identical ␣ 1(I) and 1 distinct ␣ 2(I) chain assembling the triple helix. In pathological conditions, collagen type I fibrils can contain 3 ␣ 1(I) chains resembling a homotrimer [Ottani et al., 2002] . Collagen types II and III are homotrimers built up of 3 ␣ 1 chains.
As the extracellular matrix is important in tumour biology, improved knowledge of the extracellular matrix structure in JAs is needed. This report comprises the first analysis of fibrillar collagen expression (collagen types I, II and III) in this unique fibrovascular tumour.
Materials and Methods

Tissue Samples
Tissues from 15 JAs and 8 inferior turbinates which had been snapped frozen immediately after surgical removal were available for this study. Diagnosis of JA in the treated male patients (age 13-26 years) was already evident preoperatively, based on the characteristic clinical findings and proved by detailed histopathological evaluation, as reported in previous studies [Schick et al., 2006] . Tumour stages according to Andrews et al. [1989] ranged from stage II to IIIb in the series presented. Nasal mucosa (NM) tissue derived from inferior turbinate surgery for treatment of nasal obstruction was used as control tissue. For Western blot analysis, collagen type I protein (C7774, Sigma-Aldrich, Munich, Germany) and protein extractions from a leiomyosarcoma of the paranasal sinuses, ear cartilage as well as trachea cartilage were used as positive controls. Protein extractions from tonsils served as negative controls.
Quantitative Real-Time PCR RNA was extracted from JAs, NM tissue and ear cartilage using Ultra Thurax 25 ( IKA-Labortechnik, Staufen, Germany) for homogenization and RNeasy Plus Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. After DNase I digestion, 1 g RNA was reverse-transcribed to cDNA by QuantiTect Reverse Transcription Kit (Qiagen).
The 20-l reaction mix contained 1.6 l cDNA (diluted 1: 10), 10 l Mastermix (QuantiTect SYBR Green PCR Kit, Qiagen) and the primers at the various tested optimal concentration ( table 1 ). Real-time PCR was performed in triplets for each cDNA on iCycler (Bio-Rad Laboratories, Munich, Germany). Standard curves for quantifying the copy number were generated using respective products from former test PCR, which were directly cleaned up or extracted from agarose gel after electrophoresis. The purified template cDNA allowed serial dilutions for different copy numbers (10 3 -10 8 ). For absolute quantification, the copy number of target genes was extrapolated from the standard curve equation, and the concentration was finally normalized to copies of the target gene per 1,000 copies of ␤ -actin.
Western Blot Analysis
Collagen extraction was performed using 2 different lysis buffers. The first aim was the extraction of soluble proteins using a buffer containing 50 m M Tris (pH 7.4), 0.5 M NaCl, 10 m M EDTA and protease inhibitor cocktail (Complete, Roche Diagnostics, Mannheim, Germany). The remaining pellet was dis- 
Immunohistology
Immunohistology was performed using 5-m cryosections. Sections were blocked with 2% normal horse serum (Linaris, Wertheim-Bettingen, Germany) and incubated overnight at 4 ° C with the primary antibodies (1: 100), as described for Western blot analysis before. For visualization, ImmPress Reagent (Linaris) and Peroxidase Substratkit AEC (Linaris) was used according to the manufacturer's protocol. Counterstaining with hematoxylin followed. Omissions of the primary antibodies were used as negative controls.
ELISA
Collagen type I ELISA (Metra Cicp, Osteomedical, Bünde, Germany) for quantitative measurement of the C-terminal propeptide of type I collagen was performed according to the manufacturer's protocol. The given standards of known protein content derived from human fibroblasts were used to determine the serum concentration.
Statistical Analysis
Statistical analysis was used for each candidate to confirm or refute the null hypothesis stating that 'mRNA expression is not different in juvenile angiofibromas compared with NM tissue'. Two-tailed Wilcoxon rank-sum tests ( ␣ = 0.05) were performed with the p values adjusted according to Bonferroni.
Results
Quantitative real-time PCR was first used to analyse Col1A1, Col1A2, Col2A1 and Col3A1 mRNA expression in 15 JAs and 8 NM tissues. Values obtained after normalization of the detected copy numbers of the target gene per 1,000 copies of ␤ -actin showed statistically significant higher mRNA expression levels for Col1A1 (p ! 0.001, adjusted), Col1A2 (p ! 0.001, adjusted) and Col3A1 (p ! 0.001, adjusted) in JAs compared with NM ( fig. 1 ) . The highest values were found for Col1A2 (mean value in JAs: 28,321 8 46,642 copies per 1,000 copies of ␤ -actin; mean value in NM: 247 8 162 copies per 1,000 copies of ␤ -actin), followed by Col1A1 (mean value in JAs: 6,085 8 7,761 copies per 1,000 copies of ␤ -actin; mean value in NM: 89 8 44 copies per 1,000 copies of ␤ -actin) and Col3A1 (mean value in JAs: 3,189 8 4,020 copies per 1,000 copies of ␤ -actin; mean value in NM: 140 8 103 copies per 1,000 copies of ␤ -actin). In regard to the observed high deviation between the values obtained for different tumours, we found no correlation of the values obtained for Col1A1, Col1A2 or Col3A1 in JAs with tumour stage. While the Col2A1 primers clearly detected Col2A1 mRNA in cartilage used as control tissue, almost no Col2A1 mRNA expression was found in JAs and NM specimens.
In a further step, we analysed collagen type I, II and III expression on the protein level by Western blot analysis of 7 JAs and 5 NM specimens. As indicated by previous quantitative RT-PCR, we found prominent type I collagen bands of different molecular weight in all JAs, but only slight type I collagen bands in NM ( fig. 2 a, b) . Different protein bands are well known in fibrillar collagens, indicating procollagens and collagen aggregates [Xu et al., 2000] . We were not able to prove collagen type II protein expression in JAs and NM by Western blot analysis (data not shown). Similar to our findings for collagen type I, Western blot analysis proved prominent collagen type III protein bands in all JAs which were not observed in the NM probes ( fig. 2 c) .
As we were interested in analysing collagen protein expression on tissue sections, immunohistological studies were performed on 9 JAs and 4 NMs. For both collagen types I and III, in JAs, we detected prominent staining in the subepithelial basilar membrane at the surface, in the tumour stroma and in the vascular extracellular matrix ( fig. 3 a, b) . In NM, we observed an intense staining of the subepithelial basal membrane and a less intense type I and III collagen staining in the submucosal extracellular matrix ( fig. 3 c, d ). Type II collagen showed neither staining in JAs nor in NM (data not shown).
Finally, with regard to our observation of prominent collagen type I protein expression in JAs, we were interested in the possibility of elevated serum levels of C-terminal propeptide of type I collagen in JA patients. As blood serum was available from 3 patients affected by a stage II tumour from both before and 1 year after JA re-section, we performed an ELISA investigation for C-terminal propeptide of type I collagen. In none of the 3 patients, the serum level of C-terminal propeptide of type I collagen was higher before than after tumour resection ( table 2 ). Serum from patients with nasal obstruction treated by inferior turbinate surgery was not available.
Discussion
Our study indicates (1) collagen types I and III as major JA extracellular matrix components with increased transcriptional and translational expression levels compared with NM, (2) higher mRNA levels for Col1A2 than for Col1A1 in JAs, (3) no clear evidence for elevated blood C-terminal Col I propeptid concentrations in case of JA manifestation, and (4) almost no type II collagen expression at the mRNA and protein levels in this rare fibrovascular tumour.
Since 1853, numerous theories have been suggested to explain the aetiology of JAs. During the 19th and 20th centuries, embryonal cartilage was one of the assumed tumour origins [Schick et al., 2002] . The results of our study which prove that collagen type II expression is practically non-existent in JAs serve to refute the theory that JAs may have their origins in cartilage tissue. In addition, we detected a significant expression of type I collagen in JAs, a factor which has previously been found in numerous connective tissues, but not in cartilage [Byers, 2000] .
Our observation that the level of Col1A2 expression in JAs was higher than that of Col1A1 mRNA may give further support to another theory of JA aetiology. The suggestion that remnants of the first branchial arch artery are incorporated into the vascular tumour component [ Schick et al., 2002; Schick and Urbschat, 2004] has attracted attention, as this embryological perspective allowed 4 characteristic tumour features to be explained for the first time: origin, location, blood supply and vascular architecture in JAs. The recent detection of laminin ␣ 2 expression in JA vessels indicating vessels of early developmental stage supported the assumption that plexus remnants of the first branchial arch artery are involved in tumour development [Starlinger et al., 2007] . In the neural crest of the branchial arch, as well as in the mesoderm, there have been findings of derived mesenchymal cells. While cranial neural crest cells give rise, among other things, to the frontonasal skeleton, some portions of the skull vaults and maxillary cartilage, mesodermal cells are involved in the formation of the skeletal muscles of the face and lower jaw [Bhattacherjee et al., 2007] . Interestingly, a comparison of the neural crest and mesoderm lineage-dependent gene expression of cells derived from the first branchial arch in mice found, among other genes, a higher Col1A2 expression in the neural crest-derived mesenchyme [Bhattacherjee et al., 2007] . Thus, our observation that the expression of Col1A2 was higher than that of Col1A1 mRNA may mean that the neural crest cells of the first branchial arch are involved in JA origin.
With regard to the significant expression of collagen type I in JAs, the transforming growth factor-␤ (TGF-␤ ) is of great interest, as TGF-␤ 1 has been the subject of several studies concerning JAs. In these studies, staining of activated TGF-␤ 1 in fibroblasts and endothelial cells of JAs [Dillard et al., 2000] and high levels of TGF-␤ 1 in the stroma of strong vascularized tumours [Schuon et al., 2007] were among the results reported. Interestingly, the multifunctional cytokine TGF-␤ stimulates, beside its numerous other fundamental roles -in embryonic development, cell growth and differentiation, regulation of immune and inflammatory responses, angiogenesis, tissue repair/regeneration and apoptosis -collagen synthesis and fibroblast proliferation [Chen et al., 2006] . In mesenchymal cells, TGF-␤ is known to be a potent inducer of Col1A1 and Col1A2 gene transcription [Chen et al., 2006; Okano et al., 2006] and it gives rise to fibrosis in the lung, heart, liver and kidney [Mishra et al., 2007] . Hereby, TGF-␤ does not only stimulate matrix accumulation, but also reduces matrix degradation, for example due to the upregulation of protease inhibitors [Verrecchia and Mauviel, 2004] .
Taking into consideration these TGF-␤ functions together with our finding of strong Col1A1 and Col1A2 expression in JAs, it is likely that TGF-␤ is involved in tissue fibrosis in this rare tumour. As the result of immunohistochemichal findings in JAs, TGF-␤ 1 has already been suggested as playing a role in the development of the fibrous tumour component [Nagai et al., 1996] . In addition to the role of collagen type I in fibrosis, the accumulation of type I collagen is involved in cell adhesion, chemotaxis and migration [Mishra et al., 2007] processes that might also be present in JAs.
Independent of or parallel to TGF-␤ , further stimulation of the Col1A2 promoter by other cytokines such as IL-4 and IL-13 has been reported [Ramirez et al., 2006] . This is of special interest in JAs, as inflammatory cells have been proven to form a significant cell population in this tumour . Inflammatory cells must further be considered as a source for TGF-␤ in fibrosis in addition to their function of interleukin release [Feghali-Bostwick et al., 2007] . Another interesting candidate potentially involved in collagen synthesis in JAs is the platelet-derived growth factor (PDGF), as PDGF-␤ mRNA has been reported to be overexpressed in 50% of JAs, compared with normal inferior turbinates [Nagai et al., 1996] . PDGF has been found to trigger Col1A2 upregulation in primary human fibroblasts [Ramirez et al., 2006] . Thus, the expression of distinct growth factors might be another explanation for the higher level of Col1A2 expression compared with the Col1A1 mRNA expression in JAs, in addition to the possible involvement of neural crest-derived mesenchymal cells in tumour origin.
In individual cases, findings of a decrease in tumour size and vascularity have been reported after oestrogen treatment prior to the surgical removal of JAs [Johns et al., 1980] . Evidence of oestrogen-induced attenuation of type I collagen expression has been reported in diabetic kidney disease [Dixon and Maric, 2007] and may be similar in JAs. Chemotherapy has rarely been used in JA treatment. Cases have been described in which adriamycin and dacarbazin are combined [Schick et al., 1996] . Interestingly, 5-fluorouracil has been identified as a potent inhibitor of TGF-␤ /Smad signalling-induced Col1A2 gene expression [Verrecchia and Mauviel, 2004] .
In summary, we were able to define collagen types I and III as major components of the stromal and vascular extracellular matrix in JAs. Our preliminary results on C-terminal Col I propeptide analysis in blood samples before and after tumour resection are not encouraging as regards the use of C-terminal Col I propeptide as a suitable serum tumour marker. The interesting finding of higher levels of Col1A2 expression than of Col1A1 mRNA expression in JAs might be the consequence of the growth factors defined above, or a further indicator for an embryological tumour origin. Our finding that type II collagen expression is practically absent in JAs refutes the theory that tumours have their origins in cartilage tissue.
